Abstract
Aims and Objectives

69
Our main aim is to derive a long-term cyclone record for the BI based on 20CR. Our 70 objectives are to 1) establish the seasonal climatology of cyclones over the region, including 71 their influence on precipitation totals; and 2) explore interannual variations in cyclone 72 activity for the study area linked to large-scale atmospheric circulation.
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We pursue objective 1 because despite the recognised role of cyclones as an important feature longest direct record of BI cyclonicity to-date, our study is well placed to make a contribution 78 in this regard. Objective 2 is addressed because changes in cyclone activity over the region 79 and their drivers are of the utmost societal concern. Our study allows emergent cyclone 80 properties to be viewed in the context of a 142-year period, facilitating assessment of low-81 frequency variations in cyclone activity and the role of wider-scale atmospheric processes in 82 driving cyclone activity.
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The following sections provide details of the data (Section 3) and methods (Section 4) used in 84 our study, before proceeding to the results in Section 5. There we outline the role of cyclones 85 within the regional hydroclimate (5.1) and interpret the temporal variability in cyclone 
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Whilst the accuracy of 20CR is described as equivalent to contemporary three-day numerical 99 weather predictions, quality in the earlier part of the record has been questioned in shows that data quality over the BI and Western Europe is less uncertain and quality degrades 107 relatively little earlier in the record, compared with the mid/high latitude Northern
108
Hemisphere as a whole. Thus, our domain is amongst the most stable regions and, therefore, 109 amenable to producing a robust, long-term cyclone climatology from the 20CR. 
Lamb Weather Types and Precipitation
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To corroborate our 20CR cyclone climatology we compared cyclone counts with the number 112 of pure and hybrid cyclonic Lamb Weather types (LWTs) classified objectively by Jones et al.
113
(2013) centred on the BI using the 20CR for the period 1871-1947, and the National Centers Century (e.g. Wilby and Quinn, 2013 blocks by a meridional reversal of the normal poleward geopotential height gradient at the 135 500 hPa level. The GBI and BITM were thus calculated using the height field of the 500 hPa 
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The algorithm was applied by scanning each six-hourly grid from the 56 ensemble members 150 separately. When a cyclone is identified, the location (lat/lon) of the cyclone centre and local 151 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
Results
209
Cyclone metrics, Lamb Weather Types and rainfall
210
Correlations between our (20CR) cyclone counts and total pure and hybrid cyclonic LWTs 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 However, average correlation strength is greatest across the BI during summer and there is a 238 weak spatial gradient in correlation across the domain. This is unlike winter where there is a 239 noteworthy decrease in the strength of the correlation between cyclone count and 240 precipitation with increasing latitude, becoming non-significant for northwest Scotland. In 241 this region, cyclone intensity is significantly correlated with precipitation.
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The seasonal regime of cyclone metrics is illustrated in Figure 4 . Mean cyclone intensity 243 progresses from a maximum during winter to minimum in summer. The seasonal change in 244 counts is more complex. The probability of cyclone presence over the BI is greatest in late 245 summer (August), with secondary peaks in late spring (May) and late autumn (November). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
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The top seven years (corresponding to ~5% of the record) by cyclone frequency, intensity 266 and storminess are shown in Table 2 , while inter-decadal variation in cyclonicity is ranked 
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Correlation between precipitation and cyclone counts was highest during summer. This French, 2013).
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708
counts and intensity were convolved with a 31-day window (with weights equal to the reciprocal of window length). This
709
converts counts to a probability of at least one cyclone being present in the BI domain for the respective time of the year.
710
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Seasonal cycle of cyclone probability and blocking probability for the BI domain. The cyclone probability curve is taken from Figure 4 . The blocking curve is calculated via the same convolution procedure described in Figure 4 caption, and represents the probability of at least one grid cell being blocked in the BI domain. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
